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ABSTRACT: 
The final brightness of a bleached high-yield pulp paper product is a very important 
factor in determining the quality of the pulp and the product. If the brightness of this product 
tends to revert in time, then the quality of the product could be viewed lesser than before. 
Brightness reversion of high-yield pulps is the one flaw which is keeping the high-yield pulp 
market from really expanding in the paper industry. 
High-yield pulps show economical and environmental advantages with their use in the 
high quality printing and copy papers market. Much research has been done to find ways to 
reduce and control brightness reversion, however, no concrete methodology of solving the 
problem has been derived. The following study takes a spruce CTMP pulp from Canada and 
sets up an experiment to try and show whether or not washing between hydrogen peroxide 
bleaching stages can help reduce and control brightness reversion. Two bleaching 
concentration levels of 2% and 4%, with and without washing, are used as part of the 
bleaching sequence. The data defining the conclusions of this study are before and after 
ageing brightness values taken from brightness pads made by the bleached CTMP pulp. 
This study, based on the data obtained, concludes that a washing stage implemented 
into the two-stage bleaching sequence was not effective in reducing brightness reversion. The 
trend in the reduction of brightness reversion shows no significant reduction taking place. It 
is concluded that the chromophoric structure in the pulp, which aid in causing brightness 
reversion, are not water soluble and can not be easily washed out of the bleached CTMP pulp. 
Suggestions for future studies would be to use hot water washing stages and a more industry­
based ageing technique. 
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INTRODUCTION: 
The use of high-yield pulps in the paper industry today is severely limited by a quality 
setback known as brightness reversion. The term "yellowing" is often associated with this 
post ageing brightness reduction phenomenon. Insight into this area of paper making could 
prove to be valuable to the paper industry This thesis project looks at just one possible 
method of reducing brightness reversion in the products made from high-yield pulps. 
Washing between bleaching stages of high-yield pulps may or may not prove to aid in the 
reduction of brightness reversion. 
High-yield RMP, TMP, and CTMP pulps have controlled the high-yield pulp market, 
with CTMP being the leader in paper makers satisfaction. These pulps can be bleached to 
brightness values in the 80% range, and their strength properties are competitive with those of 
other pulps, rendering them a valuable prospect for production of high quality printing and 
text papers. The high-yield pulping process can produce nearly twice the yield per unit 
quantity as other pulping operations currently being used. Pulp production is also greater 
because of the fast growth rate of the softwood tree species used to manufacture high-yield 
pulps. Aside from the evident economical advantages of these pulps, environmental 
advantages exist when the sometimes harmful kraft and sulfite pulping operations can be 
avoided. 
The problem associated with high-yield pulping and the reasons for improving on this 
problem is evident within the paper industry. The following study focusses on washing as a 
part of the hydrogen peroxide bleaching sequence of a CTMP pulp from Canada. The 
experimental setup involves two identical two-stage bleaching sequences, one having a 
washing stage incorporated between the stages. The virtual outcome is to show that the 
washing stage aids in reducing brightness reversion after ageing. Literature on hydrogen 
peroxide bleaching of high-yield pulps and Tappi Test Methods T-218 and T-260 define the 
parameters on which this study is based. 
BACKGROUND: 
High-yield pulping involves cooking of wood chips at less drastic conditions or shorter 
time, leading only to a partial dissolution of lignin. It was mentioned previously that CTMP 
( chemithermomechanical pulp) is the pulp of choice among the industry users and this is so 
because of the lessened physical fiber damage in the final mechanical defibration stage. This 
is due to chemical pretreatment which causes the strength properties of the pulps obtained to 
be better than those of the other leading high-yield pulps (I). 
Hydrosulfite and hydrogen peroxide are the main bleaching agents used to bleach these 
pulps. The term "lignin-preserving" bleaching is given to this process due to the low 
degradation of the lignin by the bleaching chemical during the bleaching sequence. Note 
here, that the pulping operation also preserves the lignin (I). This study focuses on the 
possibility of reduction in brightness reversion by utilizing washing within a two-stage 
hydrogen peroxide bleaching sequence. The following information furnished is focused on 
the use of hydrogen peroxide. 
Brightness reversion is caused by chromophoric structures absorbing visible light in 
the 300-400 nm wavelength range. These structures, trapped in the paper, are mainly 
generated by the action of pulping chemicals. Mechanical defibration also contributes to the 
formation of these structures. The chromophores and potential chromophores 
(leucochromophores) are derived from a large variety of structural types such as phenols, 
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styrene, diphenylmethane, and butadiene structures (2). The following figure (Fig. 1) shows 
some of the chromophoric structures associated with the brightness instability of high-yield 
pulps. 
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Principally, such unsaturated structures can be eliminated either by reduction (reducing 
bleaching) or by oxidation ( oxidative bleaching). Since oxidative bleaching is done with 
hydrogen peroxide and this is the bleaching chemical used in this study, the following 
information relates to hydrogen peroxide (2). 
Hydrogen peroxide bleaching: 
Hydrogen peroxide is practically the only bleaching chemical with oxidative properties 
applied for lignin-preserving bleaching. Hydrogen peroxide is a weak acid and the active 
bleaching species is the nucleophilic peroxide anion (HO2t which attacks carbonyl structures 
and converts them to less chromophoric systems without an extensive degradation and 
dissolution of lignin (2). 
There were several studies examined before setting up the parameters for this 
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particular study. In each of the past studies, it was shown that, for maximum bleaching 
results, the peroxide bleaching is best when carried out at 50-60 C. The starting pH of the 
pulp to be bleached should be around 10.5 and the ending pH should diminish to about 9 
according to the past studies. Also, in order to avoid decomposition of peroxide, which takes 
place in the presence of heavy metal ions, it is necessary to add stabilizers such as silicates 
and chealating agents. 
Metal ions such as manganese, copper and iron are detrimental to achieving the high 
brightness in papers made from high-yield pulps. Diethylenetriaminepentaacetic acid (DTPA) 
is commonly used for pretreatment chealation of heavy metal ions in high-yield pulps (3 ). 
DTPA has high oxidative stability with hydrogen peroxide and it has great ability to form 
highly stable metal ion complexes. In papermaking, the metal complexes get washed out in 
the dewatering phase. Note that too much DTPA, based on dry weight of fiber, can have an 
adverse effect on brightness since any excess will consume peroxide, so it is important to add 
the proper amounts (4). 
It is believed that improved bleaching performance can be achieved at higher 
consistencies ( 12-18% consist.). This has been related to better mass transfer of the 
perhydroxyl anion (OOff) to sites on the lignin where the brightening of colored 
chromophores takes place (7). Some studies show that interstage washing can produce a 
product having improved strength and optical properties, but these studies say nothing about 
how much brightness reversion is improved or whether it is improved at all. 
The hydrogen peroxide bleaching theory is fairly straight forward and can be 
illustrated in three equations. The formation of the perhydroxyl anion (the active bleaching 
species) occurs through the following dissociation reaction: 
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Equation I can be driven to the right to produce OOff more efficiently by increasing the pH 
level. This is done by adding caustic: 
However, the reaction that produces the perhydroxyl anion competes with an undesirable 
catalytic decomposition reaction: 
This is where the DTP A becomes important and is relied upon to complex the metal ions so 
that equation 3 does not get catalytically accelerated (5). The following figure (Fig. 2) shows 
visually the dissociation of hydrogen peroxide. 
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At higher alkalinity (outside the 10-12 range) peroxide decomposition and 
chromophore-forming reactions occur which have undesirable side effects such as "browning" 
(8,9). The final pH of the pulp and liquor is usually lower than the initial pH due to newly 
formed carboxyl groups. The final pH of the pulp and liquor should not fall below 9.0-9.5 
because the perhydroxyl anion will decompose and the rate of bleaching will decrease and/or 
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stop ( 10). To stabilize and buffer the pH, sodium silicate is used. This buffered or bound 
alkali source releases its alkalinity slowly throughout the period of bleaching. Because of this 
time release action, the pH can be kept from falling below 9.0 (11 ). 
Hydrogen peroxide charge is important to consider. Increasing the charge, increases 
the consumption. For optimum cost efficiency, hydrogen peroxide is used at a charge of 1-
4% based on O.D. fiber. At peroxide charges above 3-4% the amount of brightness increase 
achieved is minimal. It has been shown that a brightness gain of 10-15 points can be 
achieved in a single stage of 1-2% peroxide bleaching. Again, these numbers prevail when 
the consistency and pH of the pulp is adjusted to the proper values (3,5). 
Yell owing of high-yield pulps: 
The following figure (Fig 3) shows some postulated mechanisms for initiation of 
yellowing reactions of high-yield pulps by light. 
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The yellowing of pulp can take place in the absence of light, but the yellowing in light, which 
is induced by wavelengths at the near-UV region below 400 nm, is more important. The 
yellowing is accelerated by oxygen in both the light and dark cases. Humidity accelerates 
yellowing in darkness, however, it is not as detrimental in the presence of light (2). 
In the previous figure (Fig. 3 ), there are three cases illustrated. Case A illustrates that 
a direct hydrogen abstraction can take place in the presence of oxygen and light from 
conjugated structures carrying free phenolic hydroxyl groups-I. Further reactions of the 
phenoxy radicals-2 and the peroxy radicals result in the formation of hydroperoxides and 
hydroxyl radicals, which in turn are generating quinoids and other chromophoric structures. 
The alpha-carbonyl groups in the lignin side chain have been said to be key role players in 
the formation of yellowing (2). In Case B an alpha-carbonyl group in a free phenolic or 
etherified lignin structure is irradiated to an excited state-2. This reacts then with a structure 
carrying a free phenolic hydroxyl group-3, resulting in a benzyl alcohol radical-4 and a 
phenoxy radical-5. The former is finally reoxidized by oxygen to the original carbonyl 
structure (2). Case C shows a modified pathway by which the excited carbonyl group 
transfers its energy to an oxygen molecule in its ground state. The generated singlet oxygen 
then abstracts a hydrogen atom from a phenolic hydroxyl group-I. The further reactions of 
the phenoxy radical-2 leading to yellowing can proceed in the presence of the triplet oxygen 
(2). 
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EXPERIMENT AL PROCEDURES: 
This brightness reversion study was first planned in brief content with a schematic 
diagram. After researching the literature on past hydrogen peroxide bleaching studies of high­
yield pulps and past studies of brightness reversion, a more precise experimental procedure 
was developed. The bleaching procedures and the ageing procedures were included in this 
plan. 
Pulp preparation: 
High-yield spruce pulp with a brightness of approximately 60% and a Canadian 
Standard Freeness of 100 ml was obtained from Tembec Inc. of Canada. The pulp came in a 
baled fluff form with a moisture content of approximately 5%. Pulp for each of the bleaching 
runs was made by adding distilled water to allotted amounts of the baled pulp and blending 
this in an industrial blender for five minutes at approximately 3% consistency. Several 
blenders of this pulp were prepared in order to have enough pulp to supply each of the 
bleaching bags. The pulp that was prepared was put into a five gallon bucket and .5% 
DTPA, based on dry fiber, was added to chelate any heavy metal ions in the pulp. This pulp 
was then pre-washed over an 80 mesh screen using distilled water. The pre-washed pulp was 
pressed to a consistency of 20% and separated equally into bleaching bags. There were two 
buckets of pulp made. Each bucket was used for a different bleaching concentration set. 
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The following table (Table l a.) shows the chemical addition parameters that were used 
to make the bleaching liquor for each run in both bleaching concentration sets. 
TABLE 1 a: Chemical addition parameters for each hydrogen peroxide set. 
Bleaching 
Run 
C-1
C-2
W-1
W-2
W-3
C-1
C-2
W-1
W-2
W-3
2% Hydrogen Peroxide Set 
H20 added 1st stage 
Pulp Consist. Pulp wt. for 8% cons. O.D. fiber 
20.0% 225.0 g 306.75 ml 45.0 g 
20.0% 
20.0% 
20.0% 
20.0% 
20.0 % 
20.0 % 
20.0 % 
20.0 % 
20.0% 
225.0 g 306.75 ml 45.0 g 
225.0 g 306.75 ml 45.0 g 
225.0 g 306.75 ml 45.0 g 
225.0 g 306.75 ml 45.0 g 
4% Hydrogen Peroxide Set 
220.0 g 284.2 ml 44.0 g 
220.0 g 284.2 ml 44.0 g 
220.0 g 284.2 ml 44.0 g 
220.0 g 284.2 ml 44.0 g 
220.0 g 284.2 ml 44.0 g 
2nd stage 
O.D. fiber
24.0 g 
24.0 g 
24.0 g 
24.0 g 
24.0 g 
23.0 g 
23.0 g 
23.0 g 
23.0 g 
23.0 g 
The bleaching runs abbreviated for control runs 1 & 2 and washed runs 1,2, & 3 can 
be seen in the first column. The consistency of the pulp, before liquor addition, was held 
constant at 20%. The amount of wet pulp by weight and the amount of water required to 
bring the pulp to 8% consistency (when added to the liquor) can be seen in columns three and 
four. The important dry fiber weights of each run in the first and second stage of bleaching 
is given in the last two columns. 
Bleaching liquor makeup: 
The bleaching liquor consisted of sodium silicate (N�S03), sodium hydroxide 
(NaOH), hydrogen peroxide (H:O:), and DTPA. The applied chemical additions for each run 
of the two bleaching sets can be seen in (Table 1 ). 
TABLE I: Applied chemical additions made for each run in the 2% and 4% hydrogen 
peroxide sets. 
Chemical Concentration 
N�SO3 6.0% 
NaOH 10.0% 
H 2O2 3.0% 
DTPA 40.2% 
N�SO3 6.0% 
NaOH 10.0% 
H2O2 3.0% 
DTPA 40.2% 
2% Hydrogen Peroxide Set 
Percentage 1st stage volumetric 
Am�lied addition in (ml) 
1.5% 11.25 
1.0% 4.5 
1.0% 15.0 
0.2% 0.2 
4% Hydrogen Peroxide Set 
1.5% 11.0 
1.25% 5.5 
2.0% 29.3 
0.2% 0.2 
2nd stage volumetric 
addition in (ml) 
6.0 
2.4 
8.0 
0.1 
5.75 
2.9 
15.3 
0.1 
**NOTE: Percentage of chemical applied is based on O.D. fiber in each bleach run. 
I I 
The percentage of chemical applied in each run is based on dry fiber in the bleaching 
bag. The 2% and 4% hydrogen peroxide bleaching sets are shown separated, but note that the 
total hydrogen peroxide added after the second stage is either 2% or 4%, depending on the set 
that is being examined. The application percentages were taken from past studies of 
hydrogen peroxide bleaching of high-yield pulps. The amount of chemical added in each 
stage differs because there was a sample of pulp taken out for brightness pads after the first 
stage of bleaching. The amount of dry fiber remaining in the bleaching bags was nearly cut 
in half after taking the sample out to make brightness pads. 
The bleaching sequence: 
The bleaching operations were split into two days. Set one (2% hydrogen peroxide) 
was done first, followed by set two (4% hydrogen peroxide). Each set had five bleaching 
bags as can be seen in (Table 1 a.). A 50 C hot water bath was used for bleaching and the 
time duration was three hours. A bleaching liquor was made up for each run, which included 
the chemicals listed in (Table I) and the corresponding amount of water required to bring the 
pulp down to 8% consistency listed in (Table la.). The chemicals and water were mixed 
together, with the hydrogen peroxide being the last ingredient added in. The reason for this 
was to reduce the amount of peroxide consumption prior to mixing with the pulp. The 8% 
consistency bleaching bags were checked for pH and placed in the water bath and kneaded 
every fifteen minutes to ensure good chemical circulation. After 1.5 hours, the bags were 
taken out and checked for pH. Three bags were washed with three liters of distilled water 
and each bag had a pulp sample taken out for brightness pads. The second stage bleaching 
liquor was prepared and added to the bags and the pH was taken again. The bags were 
placed in the bath for the remaining 1.5 hours of bleaching (kneading every fifteen minutes). 
At the conclusion of the bleaching cycle, the final pH was recorded and each bag received a 
final wash with three liters of distilled water. In the industry, it is common to wash the pulp 
after the bleaching cycle is completed to stop the reaction and stabilize the pulp. 
The previous explanation is for one hydrogen peroxide set. The other set was done in 
similar fashion with different amounts of chemicals. This next section explains how the 
brightness pads were made and the conditions of ageing used in this study. 
Brightness pads: 
The sample of pulp taken after each stage of bleaching was used to make brightness 
pads. The Tappi Test Methods (T-218) procedures were followed to form brightness pads for 
reflectance testing. Five pads were made for each run in the first and second stages of 
bleaching. Twenty-five pads were made for the first stage and twenty-five pads were made 
for the second stage in the 2% hydrogen peroxide bleaching set. Another fifty pads were 
made for the 4% hydrogen peroxide bleaching set. The runs and number of pads were high 
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so that the study could show data reproducibility and consistency in trend. 
The following table (Table 2) shows the ageing conditions used in this study. 
TABLE 2: Ageing conditions for all pads made for each run. 
Two Percent Hydrogen Peroxide Set (both first and second stage). 
Runs: 
First Control C1 
Second Control C2 
First Wash W1 
Second Wash W2 
Third Wash W3 
Ageing Conditions: 
Twenty-four hour air dry in a 
controlled environment room, 
followed by a seventy-two 
hour ageing period in a 105 C 
dry oven. 
Four Percent Hydrogen Peroxide Set (both first and second stage). 
First Control C1 
Second Control C2 
First Wash W1 
Second Wash W2 
Third Wash W3 
Ageing conditions were the 
same as those for the two 
percent hydrogen peroxide set. 
Blank Pad Set (no bleaching chemicals and no washing). 
Blank B Same as above. 
The Tappi Test Methods (T-260) procedures were followed for the ageing of the brightness 
pads after bleaching. There were some modifications made in the procedures and these will 
be discussed later in the results and discussion section. Each set of pads were air dried for 
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twenty-four hours and tested for initial ISO brightness. Then each set of pads were oven 
dried in a 105 C oven for seventy-two hours and tested for a final aged ISO brightness. The 
initial and final aged ISO brightness values for each pad were used to calculate the brightness 
reversion sustained by each pad. The brightness reversions were averaged and the average 
value was recorded for each run. The brightness reversion data was analyzed and the wash 
runs were compared against control runs which had no washing after the first stage of 
bleaching. A blank set of pads were made and aged in the same fashion as the others, 
however these pads were not bleached and the initial brightness was approximately 60%. The 
purpose of the blank pads was to see the effects of the bleaching chemical and give some 
insight into brightness reversion after bleaching. 
RESULTS AND DISCUSSION: 
The experimental set-up for this study was intended to create an easy system for 
comparison and definition of trend. By having more than one run of each bleaching trial, 
repeatability of the data could possibly be obtained. This shows that the experiment has been 
run under tight control. With the repeatable data, the possibility of showing any trends are 
greatly increased. In this study, the trend that would like to be observed is a significant 
decrease in brightness reversion in the three washing runs as compared to the two control 
runs. This trend would show that washing between the bleaching stages possibly aided in 
reducing the brightness reversion tendency in the pulp. 
As stated in the procedural set-up, five brightness pads were made for each run. This 
experiment was carried out at 2% and 4% hydrogen peroxide levels, each on separate days. 
The raw brightness values obtained for each pad of every run has been tabulated in 
Appendices A - J. In Appendix A and Appendix B, the brightness of the blank pads before 
and after ageing is shown. Appendices C and D show the brightness values obtained before 
and after ageing in the first stage of the 2% hydrogen peroxide bleaching sequence. 
Appendices E and F show the brightness values obtained before and after ageing in the 
second stage of the 2% hydrogen peroxide bleaching sequence. The same format for 
presenting the data for the 4% hydrogen peroxide bleaching sequence is used in Appendices 
G - J. 
Appendix L has been added to visually show what the above data appendices 
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represent. Graphs 1-8 in this appendix break down the numbers and correlate the results to 
the human eye. 
From these data, we would like to show the trend which was mentioned above. The 
brightness reversion was calculated for each run by using the averages of the brightness 
values. The brightness reversion for each run is broken down into sections in (Table 3). 
TABLE 3: Calculated Percent Brightness Reversion. 
Two percent Two percent Four percent Four percent 
Runs: First Stage Second Stage First Stage Second Stage 
Blanks B 25.34 same same same 
First Control C1 29.58 26.5 27.9 28.79 C1 
Second Control C2 27.99 29.7 25.11 29.72 C2 
First Wash W1 26.93 27.56 24.25 29.44 W1 
Second Wash W2 27.77 25.39 24.57 28.64 W2 
Third Wash W3 27.85 26.12 23.73 31.03 W3 
The blank run has the lowest brightness reversion to report. The runs with washing do not 
show brightness reversions less than the blank. This is another trend that would have shown 
successful results. The runs with washing show inconsistencies in results for the 4% 
hydrogen peroxide bleaching sequence (1st and 2nd stage). The brightness reversion is shown 
to be quite higher in the second stage. The reversion reported for the first and second stage 
of the 2% peroxide sequence are closer related. Perhaps the most important thing to grasp 
from this data table is the fact that the reversion in the washing runs are not significantly 
lower than the reversion in the control runs. Early intentions were to show a difference of 
5-10 points of brightness between these two sets of runs. This would have set a trend that
would conclude washing to be helpful in reducing and controlling brightness reversion. As an 
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added aid, Appendix M has been added for visual interpretation of the data in (Table 3). 
Graphs 9-12 clearly show no significant trend. 
One thing needs to be mentioned about the procedure for ageing the brightness pads in 
this study. Tappi Standard Methods test (T-260) describes the use of a steam heated chamber 
at 100 C and 100% relative humidity to age the samples. For this study, we did not have 
access to a steam heated chamber. A standard 105 C drying/ageing oven with 0% relative 
humidity was used instead. Ageing was to be done for one hour, however, in this experiment, 
an ageing period of seventy-two hours was used. Because of these two alterations in the true 
procedures, the brightness reversion is most likely much higher than it actually would be 
under ideal test parameters. This does not discredit any trends that may have been observed 
because the procedural alterations were consistent throughout the experiment. 
Under ideal ageing parameters, the brightness drop during ageing would most likely be 
closer to 3-8 points in reduction, yielding a brightness reversion in the range of 4-12%. 
These numbers have been shown in some of the literature on brightness reversion studies. 
The downside is, that the results seem to always be in the higher portion of the ranges. This 
is why this study was done; it was done to possibly show a method to bring the results to the 
lower end of the ranges. 
Setting this experiment up and running premature trials to gain insight into the kind of 
results that were going to be derived was not a smooth process. Two separate trials were run 
using I% and 2% hydrogen peroxide charges. The pulp after bleaching was not brighter, in 
fact, the brightness decrease in the bleached pulp pad (before ageing). The cause for this was 
traced to lignin burning. The caustic level in the pulp rose too high when pH was being 
adjusted to the proper range. Minor changes in the procedures were made to correct this 
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problem. The bleaching liquor was mixed together (water and chemicals) and then added to 
the pulp. This created a pH range suitable for peroxide bleaching and the brightness of the 
pulp rose like it was suppose to. 
Another problem that was encountered was the chemical concentrations before liquor 
make-up. The sodium silicate was very like syrup and was hard to measure. The other 
chemicals, like the sodium silicate, were also high in concentration. The chemicals were 
diluted before liquor make-up for ease of handling and minimize errors in addition amounts. 
Refer back to (Table I) for the concentration of the chemicals used in this study. 
Other problems encountered were minor but still tedious in nature. Holes in the 
bleaching bags, disappearing equipment and supplies, timing conflicts and broken equipment 
were some of these problems. 
CONCLUSIONS AND SUGGESTIONS: 
The data obtained in this study showed to be repeatable. However, the reversion data 
derived from the ageing of the samples does not prove washing between bleaching stages to 
be a method of reducing brightness reversion in high-yield pulps. Granted that the testing 
procedures were, in some cases, altered, still no definite conclusion in the favor of washing 
can be made. It appears that the chromophoric groups, either already in the pulp or formed 
during the bleaching sequence, are not water soluble and can not be washed out by simply 
adding a water washing stage between the bleaching stages. Chromophoric structures do not 
bond with water molecules readily and, therefore, these structures stay in the pulp. 
This study should not be considered as an unsuccessful experiment. There are some 
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things to be learned from it. Washing may still possibly help reduce brightness reversion. A 
recommendation is that this study be done in similar fashion using the exact ageing procedure 
as described by Tappi Test Methods (T 260). Washing with hot water should be considered. 
A study varying the temperature of the washing water should be done to gain insight into a 
possible correlation of water temperature and reduction in brightness reversion. There may be 
some other chemicals to study that may breakdown the chromophoric structures and yet be 
feasible in the paper making operation. 
This industry needs the high-yield pulp market for high quality printing and copy 
papers. The shortage of fiber resources and the increase demand in pulp for papermaking 
makes high-yield pulps a very important commodity. Researching brightness reversion and 
ways to reduce it should not cease until paper products, with desirable stability, can be made 
from high-yield pulps. 
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5. 
APPENDIX A - K: 
APPENDIX A 
Blank Run Brightness Before Ageing (no bleaching and no chemicals) 
Pad# : Brightness(%) 
Pad #1: 60.65 
62.15 
61.73 
60.68 
59.95 
Average: 61.032 
Pad#2: 61.11 
61.49 
60.17 
61.03 
59.45 
Average: 60.65 
Pad #3: 61.52 
61.15 
61.8 
62.1 
60.58 
Average: 61.43 
Pad#4: 61.11 
61.1 
59.72 
61.7 
60.76 
Average: 60.878 
Pad #5: 61.38 
60.76 
59.68 
60.82 
60.93 
Average: 60.714 
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APPENDIX B 
Blank Run Brightness After Ageing (no bleaching and no chemicals) 
Pad#: Brightness (%) 
Pad #1: 41.8 
40.05 
43.78 
44.66 
43.48 
Average: 42.754 
Pad #2: 45.33 
45.46 
45.44 
46.18 
45.48 
Average: 45.578 
Pad #3: 46.68 
44.64 
45.65 
44.55 
45.07 
Average: 45.318 
Pad #4: 46.75 
47.57 
46.68 
46.06 
46.04 
Average: 46.62 
Pad #5: 47.39 
47.75 
46.84 
46.4 
47.71 
Average: 47.218 
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APPENDIX C 
Run #1 Brightness Before Ageing (2% peroxide charge overall-1st stage) 
Run set #1: set #2: set #3: set #4: set #5: 
Control Run #1 64.53 64.42 63.7 64.48 65.5 
63.01 64.44 63.26 64.01 64.1 
63.52 63.8 64 64.09 63.99 
64.15 63.99 63.71 63.64 64.1 
63.45 63.84 63.63 63.85 64.52 
Avg. 63.732 Avg. 64.098 Avg. 63.66 Avg. 64.014 Avg. 64.442 
Control Run #2 63.91 63.6 63.25 63.01 63.4 
63.24 63.27 63.55 63.03 63.58 
63.34 63.65 63.01 64.72 63.46 
64.22 64.54 63.01 63.05 63.57 
64.63 63.99 63.71 63.67 63.52 
Avg. 63.868 Avg. 63.81 Avg. 63.306 Avg. 63.496 Avg. 63.506 
Wash Run #1 67.13 65.59 65.99 67.09 67.65 
66.76 65.51 65.29 66.31 67.56 
66.14 65.05 65.01 65.2 65.89 
65.85 64.63 65.59 65.71 66.25 
66.1 65.65 65.68 65.55 66.13 
Avg. 66.396 Avg. 65.286 Avg. 65.512 Avg. 65.972 Avg. 66.696 
Wash Run #2 65.92 67.38 66.33 66.25 66.17 
66.21 65.01 67.53 65.97 66.5 
65.24 65.05 66.1 65.76 65.15 
65.55 65.21 65.68 65.88 66.01 
65.02 66.44 65.85 66.4 65.17 
Avg. 65.588 Avg. 65.818 Avg. 66.298 Avg. 66.052 Avg. 65.8 
Wash Run #3 66.88 67.83 68.29 66.96 67.54 
66.44 66.22 67.44 66.12 66.33 
66.69 66.36 67.57 65.48 67.27 
66.12 65.39 67.23 65.67 66.8 
66.44 67.3 66.06 66.36 67.42 
Avg. 66.514 Avg. 66.62 Avg. 67.318 Avg. 66.118 Avg. 67.072 
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APPENDIX D 
Run #1 Brightness After Ageing (2% peroxide charge overall-1st stage) 
Run set #1: set #2: set #3: set #4: set #5: 
Control Run #1 44.43 45.32 46.58 44.57 45.01 
44.53 44.05 46.11 44.05 44.71 
44.01 44.82 45.97 44.01 44.21 
45.77 44.72 45.33 44.7 46.3 
44.05 45.18 46.1 45.17 46.86 
Avg. 44.558 Avg. 44.818 Avg. 46.018 Avg. 44.5 Avg. 45.418 
Control Run #2 45.69 45.97 46.18 45.58 45.07 
44.8 45.5 45.22 45.14 46.4 
45.39 45.74 45.79 46.57 47.05 
47.05 45.97 45.69 45.65 45.22 
46.07 46.2 45.24 45.65 46.12 
Avg. 45.8 Avg. 45.876 Avg. 45.624 Avg. 45.718 Avg. 45.972 
Wash Run #1 50.49 49.92 48.58 49.43 46.94 
47.18 48.72 49.63 48.05 46.5 
47.89 48.19 48.05 48.1 46.97 
47.01 48.32 48.01 48 47.83 
48.52 49.06 48.56 48.64 46.51 
Avg. 48.218 Avg. 48.842 Avg. 48.566 Avg. 48.444 Avg. 46.95 
Wash Run #2 47.15 47.62 47.91 47.07 .49.07 
46.05 48.21 48.6 49.12 47.95 
47.01 47.41 46.99 48.31 48.5 
46.55 47.01 46.9 47 48.16 
47.11 47.06 48.15 47.15 48.07 
Avg. 46.774 Avg. 47.462 Avg. 47.71 Avg. 47.73 Avg. 48.35 
Wash Run #3 50.6 48.88 47.53 47 47.75 
48.62 48.71 47.01 47.35 46.9 
48.94 47.47 47.7 48.1 46.76 
50.46 49.37 48.34 47.67 46.79 
48.31 51.55 48.41 47.05 46.4 
Avg. 49.386 Avg. 49.196 Avg. 47.798 Avg. 47.434 Avg. 46.92 
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APPENDIX E 
Run #2 Brightness Before Ageing (2% peroxide charge overall-2nd stage) 
Run set #1: set #2: set #3: set #4: set #5: 
Control Run #1 67.8 67.36 68.44 68.33 67.22 
66.05 66.21 66.82 69.03 68.63 
66.61 67.08 66.83 68 67.18 
66.17 66.55 67.32 68.94 67 
66.78 66.45 67.1 68.05 67.61 
Avg. 66.682 Avg. 66.73 Avg. 67.302 Avg. 68.47 Avg. 67.528 
Control Run #2 67.43 66.02 67.39 67.65 67.6 
66.21 66.45 66.75 67.41 66.01 
66.2 66.25 66.65 66.89 66.64 
67.06 66.77 66.51 66.86 66.05 
66.45 67.26 66.89 67.34 66.24 
Avg. 66.67 Avg. 66.55 Avg. 66.838 Avg. 67.23 Avg. 66.508 
Wash Run #1 66.81 66.5 66.22 65.52 65.5 
66.86 65.96 66.2 65.59 65.62 
65.48 66.05 66.5 66.17 65.23 
65.58 66.5 66.01 65.9 65.87 
66.57 66.01 66.1 65.51 65.96 
Avg. 66.26 Avg. 66.204 Avg. 66.206 Avg. 65.738 Avg. 65.636 
Wash Run #2 66.64 67.45 67.46 65.79 66.06 
65.8 66.01 66.25 65.24 66.19 
65.43 66.19 67.09 65.54 66.05 
65.5 66.69 66.01 65.25 66.38 
66.12 66.63 66.05 65.86 66.1 
Avg. 65.898 Avg. 66.594 Avg. 66.572 Avg. 65.536 Avg. 66.156 
Wash Run #3 66.22 67.25 65 66.73 66.75 
65.68 67.25 65.2 65.62 65.34 
66.06 67 65.8 66.37 65.37 
65.68 66.05 66.32 66.42 65.12 
66.36 66.5 65.4 66.38 66.09 
Avg. 66 Avg. 66.81 Avg. 65.544 Avg. 66.304 Avg. 65.734 
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APPENDIX F 
Run #2 Brightness After Ageing (2% peroxide charge overall-2nd stage) 
Run set #1: set #2: set #3: set #4: set #5: 
Control Run #1 49.5 49.52 48.31 49.94 48.96 
49.86 50.67 49 51.35 50 
49.7 49.1 48.65 49.2 48.86 
48.65 49.42 48.25 51.58 49.48 
48.9 48.7 48.65 51.94 49.17 
Avg. 49.322 Avg. 49.482 Avg. 48.572 Avg. 50.802 Avg. 49.294 
Control Run #2 45.9 46.8 48.56 47.79 47.68 
46 45.9 47.25 46.55 48.62 
46.1 45.86 46.6 47.03 48.19 
45.9 46.57 47.05 46.48 47.91 
46.73 46.1 46.47 47.6 47.72 
Avg. 46.126 Avg. 46.246 Avg. 47.186 Avg. 47.09 Avg. 48.024 
Wash Run #1 47.72 48.34 48.74 47.79 47.29 
47.17 48.11 47.62 47.84 47.84 
46.31 47.95 47.06 48.38 47.89 
48.18 48.85 47.28 47.56 47.88 
47.79 47.76 48.87 48.15 47.02 
Avg. 47.434 Avg. 48.202 Avg. 47.914 Avg. 47.944 Avg. 47.584 
Wash Run #2 48.01 50.17 49.6 49.25 47.59 
48.21 50.68 49.96 51.34 48.2 
47.96 49.86 49.07 49.44 48.14 
48.01 50.72 51.57 51 47.39 
49.38 50.19 49.62 49.9 48.67 
Avg. 48.314 Avg. 50.324 Avg. 49.964 Avg. 50.186 Avg. 47.998 
Wash Run #3 47.58 50.28 50.88 50.09 47.9 
47.34 48.65 50.09 49.02 46.83 
47.78 48.35 50.64 49.44 47.01 
46.85 48.12 50.52 49.69 46.74 
48.48 48.57 51.73 49.89 47.94 
Avg. 47.606 Avg. 48.794 Avg. 50.772 Avg. 49.626 Avg. 47.284 
26 
APPENDIX G 
Run #3 Brightness Before Ageing (4% peroxide charge overall-1st stage) 
Run set #1: set #2: set #3: set #4: set #5: 
Control Run #1 67.29 66.16 67.97 66.1 66.77 
68.82 67.16 67.6 66.5 66.76 
67.45 67.73 66.43 67.09 66.81 
67.4 66.53 67.47 67.61 66.37 
67.39 67.82 67.62 67.12 66.83 
Avg. 67.67 Avg. 67.08 Avg. 67.418 Avg. 66.884 Avg. 66.708 
Control Run #2 67.12 66.2 67.56 68.04 68.08 
66.08 66.2 66.12 66.67 66.96 
66.29 66.36 66.53 66 66.25 
66.7 66.59 66.44 66.94 67.96 
67.43 67.32 66.77 66.96 66.85 
Avg. 66.724 Avg. 66.534 Avg. 66.684 Avg. 66.922 Avg. 67.22 
Wash Run #1 69.63 68.07 66.15 69.11 69.1 
68.48 68.44 66.56 68.48 67.28 
68.22 68.01 67.19 68.18 67.58 
68.7 68.5 66.12 68.48 67.17 
68.68 68.93 67.57 68.1 67.97 
Avg. 68.742 Avg. 68.39 Avg. 66.718 Avg. 68.47 Avg. 67.82 
Wash Run #2 68.88 69.11 67.83 67.16 68.76 
68.72 68.01 67.44 67.87 68.19 
69.66 68.19 66.75 67.33 69.1 
68.47 68.37 66.33 66.91 68.32 
69.25 68.28 67.07 67.65 68.32 
Avg. 68.996 Avg. 68.392 Avg. 67.084 Avg. 67.384 Avg. 68.538 
Wash Run #3 68.85 69.31 68.35 69.25 68.13 
68.01 68.85 69.22 68.05 67.63 
67.9 68.32 68.33 68.22 68.92 
68.71 68.67 68.6 69.07 68.02 
68.01 68.55 68.27 68.1 68.53 
Avg. 68.296 Avg. 68.74 Avg. 68.554 Avg. 68.538 Avg. 68.246 
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APPENDIX H 
Run #3 Brightness After Ageing (4% peroxide charge overall-1st stage) 
Run set #1: set #2: set #3: set #4: set #5: 
Control Run #1 47.35 47.85 49.7 48.16 50.13 
47.18 48.2 48.52 48.71 48.1 
47.44 48.56 49.76 49.12 49.04 
48.02 47.53 48.5 48.52 49.01 
47.11 47.09 49.64 48.77 48.36 
Avg. 47.42 Avg. 47.846 Avg. 49.224 Avg. 48.656 Avg. 48.928 
Control Run #2 49.2 49.11 50.21 50.74 49.64 
48.61 48.86 49.89 50.6 51.29 
49.45 48.59 48.83 51.26 51.72 
50.12 49.03 49.13 51.46 50.67 
49.96 50.27 48.78 51.89 51.73 
Avg. 49.468 Avg. 49.172 Avg. 49.368 Avg. 51.19 Avg. 51.01 
Wash Run #1 50.62 51.45 51.86 52.35 52.4 
51.18 52.79 51.23 51.31 52.46 
50.53 52.79 51.97 50.04 51.56 
51.09 51.47 51.78 50.36 52.96 
50.38 52.21 51.32 50.32 51.85 
Avg. 50.76 Avg. 52.142 Avg. 51.632 Avg. 50.876 Avg. 52.246 
Wash Run #2 51.74 53.77 49.53 52.38 52.18 
49.86 52.55 49.01 51.52 52.48 
49.87 51.29 49.02 51.26 52.55 
51.18 52.78 49.1 50.96 51.83 
51.39 52.1 49.96 52.2 53.25 
Avg. 50.808 Avg. 52.498 Avg. 49.324 Avg. 51.664 Avg. 52.458 
Wash Run #3 51.4 53.14 52.04 52.79 52.36 
50.23 52.73 52.45 51.92 52.4 
50.63 52.66 52.52 52.34 52.54 
50.66 53.06 53.37 51.9 53.49 
51.61 51.52 53.48 51.48 52.86 
Avg. 50.906 Avg. 52.622 Avg. 52.772 Avg. 52.086 Avg. 52.73 
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APPENDIX I 
Run #4 Brightness Before Ageing (4% peroxide charge overall-2nd stage) 
Run set #1: set #2: set #3: set #4: set #5: 
Control Run #1 69.88 67.63 69.4 68.49 68.05 
69.86 68.33 70.34 68.68 68.82 
70.37 68.4 69.6 68.79 69.74 
69.39 68.04 68.18 68.13 68.18 
69.2 67.96 69.17 68.44 69.03 
Avg. 69.74 Avg. 68.072 Avg. 69.338 Avg. 68.506 Avg. 68.764 
Control Run #2 70.65 70.97 73.36 71.61 70.07 
70.61 69.85 72.24 71.75 70.93 
69.65 70.38 70.73 70.2 70.54 
70.96 69.03 70.75 70.75 70.22 
70.61 70.02 71.65 71.48 70.13 
Avg. 70.496 Avg. 70.05 Avg. 71.746 Avg. 71.158 Avg. 70.378 
Wash Run #1 70.39 69.95 69.32 69.4 69.31 
69.23 68.9 68.41 69.03 69.25 
69.57 70.77 68.25 68.5 68.17 
69.45 69.99 68.45 68.2 68.63 
69.03 69.01 68.2 68.21 69.39 
Avg. 69.534 Avg. 69.724 Avg. 68.526 Avg. 68.668 Avg. 68.95 
Wash Run #2 69.24 67.93 69.57 68.58 68.74 
68.82 68.33 69.46 68.55 68.39 
68.05 67.39 69.87 67.58 68.18 
68.64 67.2 69 67.97 69.03 
68.94 68.65 68.5 69.23 69 
Avg. 68.738 Avg. 67.9 Avg. 69.28 Avg. 68.382 Avg. 68.668 
Wash Run #3 69.65 71.11 71.44 72.52 70.48 
69.21 72.03 71.04 70.21 69.77 
70.02 70.39 72.05 70.64 71.06 
69.49 71.23 72.73 71.68 70.32 
69.58 71.02 72.01 71.14 71.48 
Avg. 69.59 Avg. 71.156 Avg. 71.854 Avg. 71.238 Avg. 70.622 
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APPENDIX J 
Run #4 Brightness After Ageing (4% peroxide charge overall-2nd stage) 
Run set #1: set #2: set #3: set #4: set #5: 
Control Run #1 48.96 49.53 52.09 47.31 47.89 
49.01 49.91 51.69 47.27 48.01 
49.12 48.43 51.46 47.23 48.25 
48.69 49.28 50.73 47.81 47.96 
49.23 48.07 51.63 48.41 48.25 
Avg. 49.002 Avg. 49.044 Avg. 51.52 Avg. 47.606 Avg. 48.072 
Control Run #2 50.55 50.2 50.26 51.84 49.73 
49.51 49.04 49.49 50.51 49.05 
50.09 49.19 49.62 49.5 49.2 
49.71 49.26 49.01 49.46 49.02 
50.19 49.74 49.52 50.68 49.05 
Avg. 50.01 Avg. 49.486 Avg. 49.58 Avg. 50.398 Avg. 49.21 
Wash Run #1 49.21 47.76 47.24 49.25 49.57 
48.23 48.59 48.3 50.13 50.14 
48.63 47.91 47.65 49.88 49.74 
48.45 48.72 47.7 48.96 49.22 
48.63 47.64 49.14 48.88 49.02 
Avg. 48.63 Avg. 48.124 Avg. 48.006 Avg. 49.42 Avg. 49.538 
Wash Run #2 49.15 49.41 48.55 49.22 .48.85 
48.96 49.14 48.1 48.32 48.67 
49.55 49.9 48.61 49.37 48.65 
49.12 48.87 48.58 49.52 48.62 
48.85 49.12 48.82 48.86 48.89 
Avg. 49.126 Avg. 49.288 Avg. 48.532 Avg. 49.058 Avg. 48.736 
Wash Run #3 49.17 48.54 49.85 49.6 49.37 
49.12 48.12 48.46 48.92 49.05 
49.98 48.12 48.17 48.65 48.25 
50.02 48.42 48.72 48.4 48.34 
50.34 48.63 48.2 49.01 48.88 
Avg. 49.726 Avg. 48.366 Avg. 48.68 Avg. 48.916 Avg. 48.778 
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APPENDIX K 
pH of all pulp bleaching runs (starting and ending each stage of bleaching) 
Two Percent Hydrogen Peroxide -- two-stage bleaching sequence 
Run First Stage Second Stage 
Start pH End pH Wash Start pH End pH Wash 
Control Run #1 9.75 9.69 No 10.55 10.1 Yes 
Control Run #2 9.8 9.65 No 10.45 10.04 Yes 
Wash Run #1 10.32 9.75 Yes 10.5 9.5 Yes 
Wash Run #2 10.4 9.72 Yes 10.53 9.62 Yes 
Wash Run #3 10.7 9.7 Yes 10.65 10.4 Yes 
Four Percent Hydrogen Peroxide ---- two-stage bleaching sequence 
Control Run #1 10.7 9.7 No 10.7 10.2 Yes 
Control Run #2 10.7 9.94 No 10.2 9.68 Yes 
Wash Run #1 10.5 9.7 Yes 10.85 10.02 Yes 
Wash Run #2 10.35 9.55 Yes 10.65 9.95 Yes 
Wash Run #3 10.76 9.68 Yes 10.45 9.75 Yes 
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Graph 9: Brightness Reversion 
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Graph 11: Brightness Reversion 
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Graph 12: Brightness Reversion 
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APPENDIX N 
Chemical addition and brightness reversion calculations. 
**NOTE: only one example for each hydrogen peroxide set. 
Chemical Addition Calculations-
2% hydrogen peroxide set: 
Sodium Silicate: (6% solution; 1.5% addition based on O.D. fiber) 
44 g * ml * 0.015 * Lg_solution = 11.0 ml to add 
g .06 g N<½SO3 
Sodium Hydroxide: (10% solution; 1.25% addition based on O.D. fiber) 
44 g * ml * 0.0125 * Lg_solution = 5.5 ml to add 
g .10 g NaOH 
Hydrogen Peroxide: (3% solution; 2% addition based on O.D. fiber) 
44 g * ml * 0.02 * Lg_solution = 29.3 ml to add 
g .03 H202 
Brightness Reversion Calculations-
formula: 
example: 
Brightness of pad before ageing - Brightness of Pfili_after ageing 
Brightness of pad before ageing 
70.15% - 49.85% = 28.94% B.R. 
70.15% 
43 
